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Abstrad:: Cabbage ( Brassica oleracea var. capitata) is one of the most popular and widely cultivated vegetable crops in the 
world .In this paper, BADH (betaine aldehyde dehydrogenase) gene derived from spinach was transformed into the genome 
of cabbage line 03079 mediated by Agrobacterium tumefaciens . To establish the ideal transformation platform, the main fac- 
tors which affect the transformation efficiency were optimized through the orthogonal design of Lo (3° ) , including the type 


of infection medium, concentration of acetosyringone, the period of infection time and co-culture time . The results indicat- 
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ed that No .9 was the best treatment combination, i.e, AA liquid medium was the optimal infection medium for the cabba- 
ge transformation, and co-culturing for 2 days after infection (20 min) would be favorable for the transformation . If supple- 
mented with 200umol L'' acetosyringone in infection medium, the transformation efficiency would be improved and the 
transformed plant regenaration ratio reached at 54.26% . Based on this optimal transformtion system, we obtained many 
transgenic plants, and PCR analysis using BADH gene primers and Southern blot analysis indicated that the BADH gene 
had been integrated into genome of cabbage . The BADH enzymes activity of transgenic plants were tested after treated with 
NaCl, drought-tolerance and PEG stress . The results showed that the average values of the activity of. BADH enzymes, 
which varied from 2.1 U to 3.6 U per mg in transgenic plants, were 1 to 3 times higher than that of un-transgenic plants, 
and there was a significant difference between transgenic and un-transgenic plants using Duncan s Multiple Range Test . 
Furthermore, the average value of relative electronic conductivity ( varying from 16.2% to 32.6%) of transgenic plants 
were significantly lower than that of un-transgenic plants , which indicated that the protection ability of membrane penetra- 
tion was enhanced when BADH activity increasing and the stress resistance of the transgenic plants was improved by intro- 
duction BADH gene into cabbage . At the same time, most of the transgenic cabbage plants were vigrously growing under 
drought [] salt and polyethylene glycol (PEG) stresses . The average height increasing percentage of transgenic plants were 
significantly higher than that of un-transgenic plants . Those results showed that the traits of drought or salt tolerance of 
transgenic cabbage plants were improved after transformed with BADH gene, and our transgenic plants would be used as 
fundamental germplasm for stress-tolerant breeding of cabbage . 

Key wards: Brassica oleracea var. capitata; Agrobacterium tumefaciens-mediated; BADH gene; Drought-tolerance; Salt- 


tolerance; Transgenic plant 
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Table 1 The design of three levels of different factors for cabbage transformation 





























































































































































































































































































































A ( ) B ( ) c (0000) D ( ПП) 
Level Type of infection medium Concentration of Ace (umol L ` 1) Infection time (min) Co-infection time (d) 
1 М5 0 10 2 
MS+BA 3mg L `! + 
2 xd 100 20 3 
NAA 0.05 mg L 
3 AA 200 30 4 
AAU EH EH JUD не | (1994) The formula of AA medium is described as Hiei (1994) 
П 2 П La (3°) 
Table 2 The orthogonal design Lọ (32) of factors for cabbage transformation 
Treatment 
Factor 
| Ш III IV V VI VII VIII IX 
A MS, MS, MS, MS + BA 3 + NAA 0.05 MS + BA 3 + NAA 0.05 М + ВА 3 + МАА 0.05 AA АА АА 
B (umol L`!) 0 100 200 0 100 200 0 100 200 
C (min) 10 20 30 20 30 10 30 10 20 
D (d) 2 3 4 4 2 3 3 4 2 
| A ‚ BU | | > С ПО ‚ОПП Í 
















































































































































































The factor A means type of infection medium, B is the concentration of acetosyringone, C is infection бте, and D represents co-culture time іп Agrobacteri- 


um mediated transformation of cabbage . The same as following 


338 ПОП U H П d 31[] 


1.7 ПППШПППППШППП 
1.7.1 BügagnaaggaggaaBgdadu ПОП 
Southern П O0 0000000000., 0000000 
ugggagggagggguggumga2s. 0000 3 
ml[][] Hl ПП (50 mmol L ' Tris-HCl (pH8.0) + 1 mmol 
L'' ЕРЛА + 5mmol L'' DIT), [][] 15min, O 4°С] 12000 
rmn BD 10тйППППППППППППППП 
0 400 ш, 0000 ПП 0 (20 mmo L'' Tris-HCI 
(pH8.0)[] 4 mmol L`' EDTA[] 20 mmol L ' DTT) 75Ш1[ 10 
mmli L'O 00 0 40u10 10 mmol L`’ NAD 40u10 100u1 0 
000 01450000 Smn |] 00000000 
0.000 37° 00, 00 10min, 1000000 
340m0 000000000000000 !nmoa L ' 
NAD] 1000000 u 000000000000 
ППППППП (meg ')0 
1.7.2 ЦПППШПППППППШПШШПП [] [] Southern 
ОоООоОоОоОоОоооооо, 0000000000 
ОООООО0О0000 00 000 0.2g, 0 5m0 0 
ППППППППП. 000 25°C, 100rmn '0 4h, 
о0000000 00 к; 010 00000000 30 
min, Q0 00000000 К 000000000 
000:00000 (%)= (Кес) x 100%[] 
1.8 О0О0000000000600 

О00000 0000000 (Southern O HJ U Ú 
000>) 0 15]20с®П,ПППППП.,ПППППП 
000030000000, 00000300000 1 
000000000, 00 a 0 200000.0 
моі 00000, 000 50 юг 00, 0000 
50mmolL ', 0 0 10400 0 0 0 500 то! L`; 0 30 
[ РЕС-6000 10 00000, ПП 104 15%РЕСПО0 
О00000000 0000 000000, 0000 
юапооооооооо, 0000000000, 0 
ШППППППШППШПШППППП,ПППШПППШПП 
ШПППППП «agg» 104ПППШПШППШПП 


















































3 Lo (34) 
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Table 3 The results of the orthogonal design Lọ (34) of factors for cabbage transformation 


















































Number of explants 
Treatment 


1 11 iii i 


| 40 40 42 15 
| 50 62 62 9 
III 45 42 56 11 
IV 44 41 30 19 
V 41 42 39 6 
Vl 40 39 49 16 
VII 44 41 43 15 
VIII 38 41 51 14 
IX 45 51 36 277 






























































Number of differentiation of resistance explants 



































( 96 ) 


The average transformation rate 





11 iii 


6 14 28.61 
22 22 29.66 
11 19 28.19 
14 11 38.00 
19 14 31.92 
10 12 30.04 
18 15 37.63 
9 7 24.17 


17 25 54.26 


40 


0000: 0000ООООООООООООоОООООО 339 





uu 
" 001 

actor 
level 1 
A 86.46 
B 104.24 
C 82.82 
D 114.79 


ХППППППППШПППППШПППШППШШПП: 


П O sum 


002 
level 2 


99.96 
85.75 
121.92 
97.33 


D 1 


Fig .1 Regeneration of antibiotic-resistant shoots of cabbage by the orthogonal design in selection medium 
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Table 4 The visual analysis of the orthogonal design Lọ (3*) of different factors for the cabbage transformation 
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Table 5  SSR analysis of different treatment of factors of cabbage transformation 


[] [] Treatment IX IV VII VI Il | III VIII 
[] [] average 54.26 38.00 37.63 31.92 30.04 29.66 28.61 28.19 24.17 
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P< 0.05 means significant level at 596 ; P «0.01 represents very significant level at 1% . 
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Fig.2 Confirmation of the transgenic cabbage plants by PCR amplification 


M: DL2000 marker; 1 . plasmid pBIBB; 2 . untransformed 


plants; 3-12: transgenic plants 
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Fig.3 Southern bloting analysis of BADH gene 


in transgenic plants 
-CK .untransformed plants; 1-6 . PCR-positive plants ; 
+ CK . plasmid pBIBB 
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Table 6 Тһе results of the BADH enzyme activity assay of transgenic cabbage 


[] [] Treatment TBCI TBC2 TBC3 ТВС4 ТВ С5 WT Un-transgenic line P 
PEG 2.3+ 0.10c 2.3+0.35c 3.7+0.21а 2.9+ 0. 10b 3.6+ 0. 26а 1.6+ 0.104 < 0.001 
Мас 3.5+ 0.20a 3.6+ 0.23a 3.6+0.12a 3.1+ 0.15a 3.0+0.23a 1.3+ 0.15b < 0.001 

ПО O Drought 2.8+ 0.15b 2.5+ 0.10bc 2.1+0.21с 3.0x0.10ab 3.50. 15a 1.4 0.26d < 0.001 


O00000 3000000 0+000; ПП роса 00, 000 00 00 5%ППППППП›;ПП 
The data were the means + SE of 3 separate measurements . Different letters mean significant at 5% level using Duncan s Multiple Range Test . The same 


as following . 
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Table 7 The results of the relative electronic conductivity of transgenic cabbage 
















































































































































































Table 8 The results of plant height increasing percentage of transgenic cabbage at drought and salt tolerances 




































































Treatment TBC1 ТВ C2 TBC3 
PEG 24.6+ 2.22bc 25.4 0.92bc 27.42 0.52b 
NaCl 16.33 1.31c 24.5 0. 89b 22.44 1.50b 
Drought 16.2 0.6lc 23.5 1.39b 32.6+ 1.44a 

8 

Treatment TBC1 ТВ C2 TBC3 
PEG 4.5+ 0.60а 4.5+0.50а 0.0+0.03c 
NaCl 10.04 1.41a 5.04 0.50b 5.3+ 1.52b 
Drought 4.0+ 0.58а 1.2+0.38Ь 1.0+ 0.25b 

8.9 8.0 7.1 


Normally growth 


ПО00000 00 31.1%0 5L.0%[] ll, 00 
PEGO Ма П ch D Dn o d 00000000 
ШИ ШИ sc ABRE ULU ШШ ЭЗ Ba TELE] 
Е ШЕЕ ЕЧ ЙЕ ВЕДЕ ЕН Б ЧҮ 
ПП ВАОРНЦЦППППШППШШППП.ПП 
ШШППШШШШПШШПШПШПШПШППППППИПППП 
П, 0000000000, 00000000 
0. О000000ОООООООООООООО 
ПОООоОоОоОоООо, 00000000000 
2.4 ПОООООООООООООО 


3H H H. RTO EE HBH HH t, 


1704аППППППП 7.1%0 9.0200., 000 
ШШ BEBE BB BEP B E ES HH B Bu 
UJUUDDUDUUUUUUUU PEGD DD. D 
ПООоОоОоОоОоОоОоооооооо, 000 
ШПППППППППППППП. O O BADHI) 


ШШШ I D B B Th H i] ШШШ Ш 
HHL HB: L ЕШШ ШЕШИНЕ hi H TL ns. 


ШШЕН B I Ba iB ПИШЕ B ИНЕП 
HHH ШИ RTB H: H 


ШП 

ИЙЕЛИ АЕН ШШШ ЙҮ 
гь ШУАШ ДШН b Ds D HE ELI ЫЧ ЕД 
ПП (CMO ПОО00О00000, 0000 
ШПППППП (BADK) П0 00000, 00 
ВАНО III HL DD DH BL OL J SADR [] [] ET Ú 
ПООоОоОоОоОоОоОооОооОооооо, И 


TBC4 ТВС5 WT Un-transgenic line P 
28.1+ 1.45b 22.2+ 0.80c 50.0 0.47a < 0.001 
23.4+ 1.39b 21.4 1.55b 51.0 2. 18a < 0.001 
20.24 2.43bc 20.7+ 2.58bc 31.1+2.5а < 0.001 

ТВС4 ТВС5 WT Un-transgenic line P 
4.0+ 0.36a 2.0+ 0.46b 1.0 0.29bc « 0.001 
5.5 0. 79b 7.2 + 0.40b 1.2+ 0.20с < 0.001 
5.0 0.46a 2.0+ 0.38b 1.5+ 0.29b « 0.001 

8.5 8.8 9.0 — 


ШПШПШПШППШПШППШППШПППППП (2007) 
ШПШПШПППП SADRU OD D CU EDI CE UO UD] D D 
OO 0 O (Brassica nupas L. П, O O O 100 
mmo 1, Ма 0000600 Bhattacharya [] 
(20%) jon 000000000 PADH|[|] [|] |] 
lUUU DD DU D ' Golden Acre 0, 000 
uguguiuummu.magguluuiilul ма 
000 300mmol 'ПППППППППППП 
ШПШПП ВАОНЦПЦППППШПШПШПШП 
ШПШП,ПШПШППП BSADHRU UL D U U U D 
EU eH Д.Ш ЕШШ Д ВЕ. 
ШИНЕ АКА ЕН Н ЕШ ЕТЕ 
uuuuuBuHttuuultututLtLutut 
E Eh E Eese ДВЕ E OH BE SP EET ОНА 
EH Eh И „ШИ ШАШ E: PE B 
uuuuuBuHutuilulelutrtLtuttlutl 
H Hit "i r L D thu i PP Ji] Het 
uuuuuBuHmuiuiultuttLtuttlutl 
ШШ ЕНИН ТЕД ШИШ ШЕ ЫН ДЫ 
HHH DL UJ ME ШШ PEE ET ERE E DS 
ОООО, 0000000006060 
ШЖ Н НАА ШЖ Н А L Hi 1 1 B l 
0000000000 (вар, 1994)[] (U 
0U DOO , 2000), 0000000000, 00 
ШШ ИЩ B ШШ t ДДВ 
54.26%, ПО ААВПООООООООО, 0 
ШЖ ШШ BTE Н ШШШ H J. 00 
ШПШПШПППП м 00000, vrl Ú 


342 0 0 ПОП П 0 310 


ungui Т-АПППШПППШПШП.ПШПШП 
ШППППППППППППППШПППППППП 
ШППШПППППППП.,.ПИПШПШП OOO 200pmo 
L'DDDBBDBBDH (2004) 00000 
(2005) O00000. 00000000600 
ШЕШЕП 

ШШППП PCR [] Southern 0 00000, 
ПП ВАОРНЦППППППППППШПППППП 
ungui BADHIIIIUIUUU UU U UU, 
ШППППШПППППППП ПП BADHI I 
П, 000000000 ПП BADH[I[I JUL , 
ППППП (2005) 0000, O 160000 
1s oB i Pi n UD OD DD UOD D . 0 
ПООоОоОоОоОоОоОооо, 00000000 
ШППППППППП ВАарнПо, 000000 
ШИШЕ ЕШ ИДИ ЫШТЫ 
ПППП варн, П000000000, 00 
HH Hi b: His 0000000000 
ШШШ ЙЕДЕНШЕН Н PU Hi H T 0000 
ШИШ ШШШ ШШШ H HH M 2 000 
ШШШ, Hi Holl Pb HH LPH H H 
Ph P BP ЕЕ ЕНИН h LES ШЙ ДЕ 
ПО, 00000000000 00000000 

ПООоОоОоОоОоОоОоОоОоОооооооо 
HA0 TEEB 00000000 0000 
Fl Д Ше ЗИ НУДИО 
ПОО, 00000000000 000000 
ШППППППППППП. 0000 BADHI [| 
ПОО, 000000000000 0000 
Шз. ii HP ini ODE Be О DS ИН 
ПО 0 Southem O О0000ООООООООО 
ШШДЕ ШУШЫ ЕН BRE e LB H H 
Ше УБ H BH B IB ui HOD 


ug 0000000000000 0000 pBIBB: 
ШШШПШПППППППШППШПППП ПП ПП ПП 030790 


00 0 D OU 


Bhattacharya RC, Maheswari M, Dineshkumar V etal., 2004 . Transfor- 
mation of Brassica oleracea var. capitata with bacterial betA gene en- 
hances tolerance to salt stress [J] . Scientia Horticulturae, 100: 


215—227 











Guo BH ( ), Zhang YM ( ), Li HJ ( 
























































) et al., 











2000 . Transformation of wheat with a gene encoding for the betaine 





aldehyde dehydrogenase ( BADH) [J] . Acta Botanica Sinica ( 
































), 42 (3) : 279—283 














Han JD ( ), Chen YF ( ), Li CL ( 
























































) et al., 











2007 . Agrobacterium mediated transformation with a gene encoding 


for betaine aldehyde dehydrogenase (BADH) in Brassica napus [J] . 





Agricultural Research in the Arid Areas ( ), 25 





















































(4): 6—11 

Hanson AD, Rhodes D, 1983 . ^C Tracer evidence for synthesis of cho- 
line and betaine via phosphoryl base intermediates in salinized sugar- 
beet leaves [J] . Plant Physiology, 71: 692—700 

Hiei Y, Ohta S, Komari T et al., 1994 . Efficent transformation of rice ( Ory- 
za Sativa L .) mediated by Agrobacterium and sequence analysis of the 
boundaries of the T-DNA [J] . Plant Journal, 6 (2): 271—282 

Hu DN ( ), Chen XY ( ), Li W ( ) et al., 2008. 




































































Transformation of Lespedeza formosa with BADH gene mediated by 























Agrobacterium tumefaciens [J] . Scientia Silvae Sinicae ( 














), 44 (3): 76—80 





Ishitani M, Nakamura T, Han SY et al., 1995 . Expression of the betaine 
aldehyde dehydrogenase gene in barley in response to osmotic stress 
and abscisic acid [J] . Plant Molecular Biology, 27: 307—315 

Jia GX, Zhu ZQ, Chang FQ et al., 2002 . Transformation of tomato with 
the BADH gene from Atriplex improves salt tolerance [J] . Plant Cell 
Reports, 21: 141—146 











Li YX( ), Chang FQ ( ), Du IQ ( 
























































) et al., 











2000 . Genetic transformation of watercress with a gene encoding for 


betaine-aldehyde dehydrogenase ( BADH) [J] . Acta Botanica Sinica 





( ), 42 (5) : 480—484 






































Liang НМ ( 














), Xia Y( 














), Sun ZX ( 




















) etal., 2005 . 











Establishment of genetic transformation system of Medicago safiva me- 


diated by Agrobacterium tumefaciens [J] . Journal of Agricultural 





Biotechnology ( ), 13 (2): 152—156 
Liu FH ( ), Go Y ( ), Gu DM ( ) et al., 1997 . 




















































































































Salt tolerance of transgenic plants with BADH cDNA [J] . Acta Ge- 





























), 24: 54—58 


netica Sinica ( 











Liu Y ( 














), Wang C ( 














) , 2006 . Brief description the origin and 








classification of Cabbage ( Brassica oleracea) [J] . Northern Horticul- 





ture ( ), 4: 57 






































Luo XL ( 




















), Xiao JL ( 




















). Wang ZA ( 








) et al., 











2008 . Overexpression of spinacia oleracea betaine aldehyde dehydro- 


genase (ЅоВАРН ) gene confers the salt and cold tolerant in Gossypi- 





























um hirsutum L . [J] . Chinese Journal of Biotechnology ( 




















), 24 (8): 1464—1469 





Sakamoto A, Murata NA, 1998 . Metabolic engineering of rice leading to 
biosynthesis of glycinebetaine and tolerance to salt and cold [J] . 
Plant Molecular Biology, 38: 1011—1019 

Scott OR, Arnold JB, 1985 . Extraction of DNA from milligram amounts 
of fresh herbarium and mummified plant tissues [J] . Plant Molecular 


Biology, 5: 69 


40 ОООО: 0000ОООООООООООООоОООООО 343 








































































































































































































































































































Yancey PH, Clark ME, Hand SC et al., 1982 . Living with water stress: Zhang N ([] [] ), S1 HJ 000), Li XC (] D] [D] ) et at, 2004 . An 
Evolution of osmolyte systems [J] . Science, 217: 1214— 1222 efficient transformation syetem of potato mediated by Agrobacterium tu- 

Yu AL (ПП П), Yao W ([] O ), Zhou H ([] [] ) et al., 2005. mefaciens [J] . Chinese Potato ( ), 18 (3): 132—135 
Cloning and sequencing of BADHI gene from Sorghum vulgare [J] . Zhao YW ( |), Hao JG (П | ), Bu HY ( |) etal., 
Journal of Agriculturial Biotechnology ([] D] 0 00000 ), 13 2008 . Cloning of HvBADHI gene from hulless barley and its trans- 
(2): 256—257 formation in Nicotiana tabacum [J] . Acta Agronomica Sinica (П [| 

Zhai WX ( ), Li XB (ПП [D] ), Tin WZ ( ) et al., ), 34 (7): 1153—1159 
2000 . Regeneration of five Chinese rice varieties after trans-formation Zhu HC (0 [] П), Xu XP ([] I] D] 9. Li BJ C[] [] ), 2004 . A sim- 
ofa bacterial blight resistance gene Xa21 by using Agrobacterium- ple rapid method of southern blot analysis [J] . Acta Scientiarum Nat- 
mediated system [J] . Science in China (Seres C) ( | (C uralium Universitatis Sunyatseni ( [] [] 0 LU Ú ( | )), 

)), 30 (2) : 200—206 43 (4): 128—130 














АШК ЕНЕ EET ВЕЕ B D: li 
ПЕ ЙЕ ЙН АЙ BH 0000 


ШШПШПШШППШШШПШПППШПШППППШППШППШШПШПШПШПШПШПППП.ШШПШПШПШПППШПП 
ШШПШШПШШППШППППШШШППППШППШППППШПШПШПШПШППШППШПППШПШПППППШП (uu 
ШПШПШПШПП qdg»uumuuugabpoppappauggguguguumupopugugguu.tuutuuuubblutt 
ОВООООоОоооооооооооооооооооооооооооо ооо о, 200700 00000000 
00 00000 0.9140] 

ОВОоОоОоОоОоОоооо, 0000000, 0 0000000000000 00000000000 00600 
ШШППШШПШППШППШПШППШППШППШПШПШППШПППШПППШПППШППШППШППППППШПШПШ 
ШШП,ШШПШШПШП;ШПШПШШШПШПШППШП;ШПШПШШПШШППШППШПППППППШППШПШПП 

000. 0 1600, 1280 000 200, 00 2000000000, 0000: 82-6430 0 000 011-499 
5, ПШПШ ПП 155№672-18100 ПООООВОоООВОООО, 00000000 300 

UI: 000000000 120 0000000 0000000000 000 [] [] : 100081 

ПО: 010-82105794 010-82105796 (П O O ) E-mail: zwyczyxb2003 @ 163.com; zwyezyxb2008 @ sina. com 


uDmnuBaig 00000000 


О00000 00 О000000000000000000000000 00000, 00000000600 
ШШПШШПШПШПППП 2003000, 000000000000 CA, 0П00000000000000000 
ОООООоОоОоОооо, пб000000000000000000, 000000 00) 000, 00000 
ОООООоОоооооооооооооооооо о 20068 000 АЧКШООООО 1.2380 0 00, 000000 
ШШШПШШПШШПШППШП 1.2290 000000, 00000000 000000000000, 00000060800 
ООООоОоОоОооооо, ВО000000 00000000 

О0000000 О0000000000000000000000000 00000 0000000000 
ООООООооОооооооооооооооооооооооооооооооооооо ооо ооо оо 
lID О0000000000000 00000000000 000 0000, 00 
ОООООооОоооооооооо, 00 0000000000000 0000 

D000 00000000. 00 00 280 00, 0000: 0 4.089 . р 240.099; П0 00: D 20.09, 
0 120.0% 0 000000: CN 46-106, 0 U 0000 : ISSN 1672-416х, 0 00 0 : 84-230 000000000 
0, 000000000, 00000 

UU 0000000000 12800000 BBU, 00: 570206 [][] : 0898-68966415 ПП : 0898-68958180 

E-mail: mpb € hibio.org, mpb @ molplantbreed. org http :«8kwww. molplantbreed . org 


